This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. 
| O61
THOMA eT Al.
defined as the interval between a livebirth and start of the next pregnancy, and maternal and infant health. Numerous studies using vital statistics data have shown a relationship between both short and long IPI and birth outcomes (14 out of 32 studies used vital records in a recent systematic review). 2 While some studies have linked birth certificate records by maternal identifiers prospectively over time, most are cross-sectional. Recently, the causal association of short IPI on birth and infant health outcomes has been questioned, [3] [4] [5] [6] prompting a discussion of whether we need to move beyond crosssectional designs.
Other manuscripts in this supplemental issue address the strengths and weaknesses of these causal approaches for directly addressing this question. While there are inherent limitations with vital records data, they are useful for supporting hypothesisgenerating research. In fact, part of the motivation underlying this broader question stems from earlier studies using vital records data.
Recent changes to the birth certificate provide new information for evaluating IPI; however, these changes also have implications for analysis and interpretation of findings.
Therefore, the objective of this study was to provide essential background on vital records data to aid in the analysis and interpretation of studies examining IPI using these data. We provide an overview of the National Vital Statistics System (NVSS) and birth certificate data collection, describe recent changes to address data quality and review the measurement and quality of data items to assess IPI and select pregnancy, birth and infant health outcomes.
We conclude with recommendations for strengthening inferences from vital records.
| THE NATI ONAL VITAL S TATIS TI C S SYS TEM: B IRTH CERTIFI C ATE DATA
The NVSS provides official data for reporting of birth and death statistics in the United States and is comprised of 57 vital registration areas (50 states, New York City, D.C., and 5 U.S. territories). Uniformity in data collection and processing is achieved through
U.S. Standard Certificates and Reports and through the Vital
Statistics Cooperative Program (VSCP). 1 The VSCP is a federalstate partnership that has facilitated the production of national vital statistics data under the auspices of NCHS since 1973. Contracts through the VSCP provide funding support to vital registration areas and facilitate standardised data collection and improvement efforts.
Since the 1990s, a focus of these contracts has been on automating data collection, improving timeliness and data quality, and enhancing data products.
Perinatal health data for the United States are derived from the birth certificate and foetal death report. In addition, NCHS produces infant mortality data files which are based on linking data for infant deaths (occurring in the first year of life) to the corresponding birth certificate. 7 
| 2 0 0 U. S . S TANDARD CERTIFI C ATE OF LIVE B IRTH RE VIS I ON
The birth certificate has been revised 11 times (12 versions poor data quality were cut from the national birth and foetal death data files. 23 The rationale for these cuts was to focus on data items that could be collected with reasonable accuracy or had the potential for improvement. These changes along with improved instructions and definitions for data collection were updated in the "Guide to Completing the Facility Worksheet for the Certificate of Live
Birth and Report of Fetal Death." 14 Improvements to the guide were based on interviews and inquiries from hospital staff on particular data items and the ongoing reVITALize initiative, which aims to develop standardised obstetric definitions for perinatal and women's health records. 24 Finally, nationally accredited e-learning training for clinical and non-clinical hospital staff in completing medical and health data for birth certificates and foetal deaths was developed to improve the quality of information collected at the hospital level. 25 A small study among nurses suggests improvement in knowledge of birth data collection after receipt of this new online training tool. 26 Additional efforts to promote this training within hospitals and evaluate its effectiveness are currently underway.
Despite these efforts, the quality of vital statistics data is dependent upon the data collection processes in hospitals and states.
The training of birth registrars, dissemination of new training tools and quality control rely primarily on the efforts of state vital statistics offices, impacting the variability and quality of reporting data items. 27, 28 We therefore focus the next sections of this manuscript on the measurement and quality of information to assess IPI and select perinatal health outcomes, which have implications for assessing exposure-outcome relationships.
| ME A SUREMENT OF INTERPREG NAN C Y INTERVAL ON THE B IRTH CERTIFI C ATE

| Definition and measurement
Interpregnancy interval is commonly defined from a livebirth to the start of a subsequent pregnancy. 8 The basis for beginning the interval at the start of a livebirth is, in part, due to the proposed causal mechanism for why IPI may influence maternal and infant health out- 
| Data collection and quality
The birth certificate data items used to construct IPI have relevant historical context for interpreting IPI measures over time. 
| DATA QUALIT Y OF S ELEC T MATERNAL AND INFANT HE ALTH ITEMS ON THE B IRTH CERTIFI C ATE
The question of whether IPI influences maternal and infant health not only relies on accurate IPI measurement, but also on the accuracy and reliability of information on health outcomes and potential confounders. A review of data quality studies based on the 1989 U.S.
Standard Certificate of Live Birth found that several of the medical and health items were under-reported and that missing values varied systematically on the birth certificate. 35 In contrast, the quality of sociodemographic information was generally well reported (e.g,
Steps for calculating the interpregnancy interval (IPI) using three data items on the birth certificate agreement of 80% or greater for maternal age, race and plurality). We conducted a literature search of validity and reliability studies of selected sociodemographic and medical and health items from the birth certificate. The items selected were based on covariate and outcome variables that have been examined or may be of interest in relation to IPI. Details of the literature search protocol and inclusion criteria are provided in Appendix S4. In brief, we combined search terms of "birth certificate" AND "valid*," "reliab*," "accuracy,"
OR "data quality" AND "United States OR US" to identify studies.
Studies using the 1989 birth certificate were excluded. Validity was assessed using sensitivity (Se). Specificity was recorded; however, not all studies provide estimates of specificity. Of those that did, all were found to have high specificity (>80%) and, therefore, did not contribute to variability in data quality across data items. Reliability was assessed using kappa statistics. When kappa values were unavailable, we used per cent agreement (PA). Table 1 as new or non-comparable can be considered comparable to the 1989 certificate.
| Sociodemographic information
TA B L E 1 (Continued)
| Pre-pregnancy and pregnancy health behaviours
Most of the pre-pregnancy and pregnancy health behaviour items were new or modified in 2003 and ranked as having moderate or high data quality. High-quality data were found in at least one study across each of these items, suggesting that this information can be collected with reasonable accuracy. Unlike the other variables in this category, pre-pregnancy (i.e, 3 months before pregnancy) smoking and prenatal smoking are recommended to be collected from the mother.
Pre-pregnancy smoking was found to have moderate-to-high level of agreement with the maternal worksheet or other self-reported data (κ 0.68-0.92). 45, 46 Prenatal smoking also showed moderate-to-high agreement when compared to other self-reported information from PRAMS (κ 0.75) or maternal worksheet (κ 0.89) and slightly less agreement when compared with medical records (κ 0.74). While slightly under-reported, prenatal smoking on the birth certificate had a high sensitivity when compared with biomarkers of newborn cotinine (Se 85.0%-89.0%). 47 The quality of data on pre-pregnancy weight and height used to calculate BMI varied from low to high quality (PA 51.7%-100%; Se 61.1%-86.0%). While BMI was generally found to be under-reported on the birth certificate, one study concluded that it was still a reliable measure for surveillance and research. 48 In contrast, a study by 
| Pregnancy risk factors
Previous studies using the 1989 birth certificate have shown pregnancy risk factors are often under-reported. 50 Modifications on the 2003 revision to diabetes during pregnancy required greater specificity (i.e, pre-pregnancy and gestational), but limited improvement in data quality. Combined, information on diabetes during pregnancy is comparable to the 1989 birth certificate and was shown to be moderately accurate when compared with medical records (Se 68.0%-78.9%). 39 When partitioned, the quality of these data items was low for pre-pregnancy diabetes (Se 52.0%; κ 0.57) and low to moderate for gestational diabetes (Se 42.0%-75.7%; κ 0.49-0.68). 19, 39, 51, 52 Similarly, data quality was low for pre-pregnancy hypertension (Se 19, 54 This latter data item was under consideration to cut from the national file. A decision to continue to collect this information was made based on its public health importance and ability to improve this item through data quality efforts.
| Labour and delivery
We examined only a few labour and delivery items-method of delivery and maternal morbidities. As with the 1989 birth certificate, the final route method of delivery was shown to be reported with high accuracy and reliability (Se 91.8%-99.4%; κ 0.93-0.97). 19, 39, 50 Only one study has evaluated the accuracy of maternal morbidity information on birth certificates compared to hospital discharge data.
They found substantial under-reporting for maternal intensive care unit admission (Se 20%), blood transfusion (Se 12.0%) and uterine rupture (Se 26.0%). 55 
| Infant health outcomes
Lastly, infant health outcomes were found to have moderate-to-high data quality. For birth outcomes, low birthweight was shown to be accurately reported using 2003 revised data (PA 95.7%-100%), 19 consistent with previous studies using the 1989 revision. 50 The accuracy of preterm birth derived from the OE of gestation varied from moderate to high depending on the source of information for comparison. When compared with the gold-standard "estimated date of delivery" on medical records, preterm birth was captured with a high degree of accuracy (Se 82.5%-93.8%). 56 Other studies showed more variation and slightly lower data quality when com- Improvements based on recent data quality initiatives, such as the e-learning training, would not be reflected in this review. Another challenge for evaluating the quality of data items on the national file is state and hospital variation in data quality, which was demonstrated for some data items in the studies reviewed. Thus, it is hard to extrapolate findings from state-based quality control reviews to a national level. On the other hand, the variability also suggests that some states and hospitals are collecting high-quality data and 
| CON CLUS I ON AND RECOMMENDATIONS
In this review, we highlighted key considerations for the analysis and interpretation of studies using national vital records data to examine IPI and attendant perinatal health outcomes. The 2003 revision resulted in a number of substantive changes to data collection, dissemination and quality that impact the measurement of IPI, analysis of trends and examination of associations with maternal and perinatal health outcomes. Our review of recent data quality studies pointed to substantial variation in the quality of data by item and across states. Under-reporting, particularly of pregnancy risk factors, was also found. While this may be problematic for obtaining accurate prevalence estimates, relative associations between IPI and perinatal outcomes may still be informative, assuming no systematic differences in reporting (i.e, non-differential misclassification).
Numerous studies have examined the relationship between IPI and perinatal outcomes, yet there is a paucity of information on maternal and long-term infant health outcomes. National vital records remain an important resource for examining these relationships, particularly for rare outcomes and within detailed subgroups. States have the potential to further enhance the utility of vital records through linkages, either by maternally linked birth records (i.e, sibling studies) or with other data sources (e.g, health discharge data) for validating health outcomes. Future studies examining the association of IPI with maternal and perinatal data using vital records should consider these aspects of the data in their research plan, sensitivity analyses and interpretation of findings.
ACK N OWLED G EM ENTS
We would like to acknowledge Ms. Stephanie Ventura for her valuable feedback on this manuscript and her dedicated service and contributions to the National Vital Statistics System. We gratefully acknowledge support from the Eunice Kennedy Shriver National Center for Child Health and Human Development grant P2C-HD041041, Maryland Population Research Center.
O RCI D
Marie E. Thoma http://orcid.org/0000-0001-9267-4384
R E FE R E N C E S
